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条纹斑竹鲨 5 个地理群体的简单重复序列中间区域分析 
潘  滢, 郑利兵, 王  军 
(???? ???????, ?? ?? 361102) 
摘要: 简单重复序列中间区域(inter-simple sequence repeat, ISSR)是一种微卫星类分子标记。为明确条
纹斑竹鲨(Chiloscyllium plagiosum)中国群体的遗传多样性和遗传关系, 作者利用 ISSR 技术对福建厦门
(XM)、福建平潭(PT)、广东湛江(ZJ)、海南海口(HK)和台湾(TW)5 个土著地理群体的条纹斑竹鲨进行
了遗传多样性和遗传关系分析。从 56 对 ISSR 引物中筛选出 13 对多态性引物, 扩增共获得 81 个重复
性的位点, 其中多态性位点 57 个, 多态位点百分率为 70.37%。5 个群体的多态位点百分率、Nei’s 基因
多样性和 Shannon’s 信息指数分别为 38.27%~58.02%, 0.1353~0.2155 和 0.2032~0.3193。UPGMA 聚类
分析表明 PT 群体首先和 XM 群体聚类, 再与 TW 群体聚类, 最后与 ZJ 群体和 HK 群体形成的分支聚
类, 即形成了与地理距离远近相关的基因交流模式。  
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?????(Chiloscyllium plagiosum)????
??(Chondrichthyes)????(Orectolobiformes)??
??(Orectolobidae)?????(Chiloscyllium), ??
????-??????????????????
??????????????, ??????, ?
??????, ????????????????
?????[1]?????????????, ???
? , ????????????????? , ??
??????????????????????
??????????????????????
??????[2]????????[3-5]??????
?????????????, ?????????
????????????????????? 
?????????? (inter-simple sequence 
repeats, ISSR)?? Zietkiewicz ?[6]???????
?????????????? RFLP?RAPD??, 
?????????????????????[7], ?
??????????[8]??????[9]??????
???[10]??, ????? ISSR?????????
?????? , ?????? ???(Anabarilius 
grahami)[11]????(Squaliobarbus curriculus)[12]??
? (Coilia nasus)[13]????? (Cynoglossus semi-
laevis)[14]? , ????????????????
ISSR ??, ????? 5 ???????????
???????, ??????????????
?????????????? 
1  材料与方法 
1.1  样品采集和 DNA 提取 
???????? 2007? 10?~2009? 1??
??????? (XM)????? (PT)?????
(HK)?????(ZJ)???(TW)????(? 1), ?
? XM?? 28?, PT?? 33?, HK?? 34?, ZJ
?? 36?, TW?? 32?????? 20~80 cm, ?
?? 100~800 g???????????????, 
?–20℃????DNA???? Sambrook[15]???/
??????? 
1.2  引物筛选 
ISSR ??????????????????
??????????(http: //www.biotech.ubc.ca/ 
services/naps/primers/Primers.pdf)?? GenBank ??
????? 12??????(EU661893~EU661904), 
?? Primer Premier 5.0???? 56? ISSR??, ?
?????????????????????? 
               
????: 2017-09-25; ????: 2017-11-29 
????: ??????????(40876080) 
[Foundation: National Natural Science Foundation of China, No. 40876080] 
????: ??(1986-), ? , ????? , ?? , ????????
?????, ??: 13075885167, E-mail: py19860220@sina.com; ?
?, ????, E-mail: junw@xmu.edu.cn 
 32 ????  / 2018?  / ? 42?  / ? 3? 
 
? 1  ??????? 
Fig. 1  Map of sampling area location 
 
???? 5? DNA??, ??????? PCR??
?????? 13 ??????????? ISSR ?
??25 μL PCR??????: ??DNA 1 μL(? 30 ng), 
2.5 μL 10×buffer, 0.5 μL dNTP(2.5 mmol/L), ????
??? 1 μL(10 mmol/L), Taq polymerase (TaKaRa) 
0.5 μL(2.5 U/μL), ??????????PCR???
??: 95  5 min; 94  30 s, 50~56  1 min, 72  ℃ ℃ ℃ ℃
2 min, 35???; 72  10 min℃ ?PCR??? 1.2%?
???????, EB????? GAS7001B???
???????? 
1.3  数据分析 
? ISSR???????????????, ?
??????????????????????
??, ??????? 1 ????? 0 ?????
0/1????[16], ?? Popgene32????????
5 ?????????????????????
?????(PPB)????????(Na)?????
???(Ne)?Shannon’s????(I)?Nei’s????
?(H)???????(Ht)?????????(Hs)?
???????????(Gst)????(Nm)?Nei ?
????(D)???????(S)?? Arlequin 3.5 ?
???????????? (Fst)???????
(AMOVA)??? Mega5.0 ???????????
?(UPGMA)??, ?????????? 
2  结果 
2.1  条纹斑竹鲨鱼群体多样性分析 
? 56 ????????? 13 ???????
????????????????? 5 ????
?????????, ? 2 ?????? issr24 ?
issr25????????13? ISSR???????
??? 4~9???, ????? 100~2 000 bp; ??
??? 81 ???????, ??????? 57 ?, 
? PPB? 70.37%(? 1)? 
 
? 2  ?? issr24? issr25????? 
Fig. 2  Amplification results of primers issr24 and issr25 
A?B. ????? issr24? issr25????, ?? M? DL2000 DNA Marker, H1~12?P13~24?Z25~36?X37~48? T49~60??? HK?
PT?ZJ?XM? TW?? 12???????? 
A and B. the amplification results of primers issr24 and issr25, respectively; M. DL2000 DNA marker; H1–12, P13–24, Z25–36, X37–48, and 
T49–60. the electrophoretic bands of 12 samples from HK, PT, ZJ, XM, and TW populations, respectively 
 
???????????????? : HK ?
ZJ ??? PPB?Na ?? , ???? 58.02%?
1.5802; PT ? TW ???? , ??? 38.27%?
1.3827; HK ??? Ne?H ? I ????? , ???
? 1.3717?0.2155 ? 0.3193; TW ???? , ??
???? 1.2269?0.1353 ? 0.203 2, ? HK ? ZJ
??????????????? PT?XM ? TW
??(? 2)?  
2.2  群体遗传变异与聚类分析 
?? Nei’s ????????? Ht?Hs ? Gst
??? 0.2026?0.1733? 0.1447, ?? Gst????
???? Nm? 2.9550, ????????????
????????????????(AMOVA)??
??: ????????? Fst?? 0.1338, ???
??????? 13.38%????????? , 
86.62%???????????(? 3)? 
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表 1  条纹斑竹鲨 ISSR 分析所用引物及其多态性 
Tab. 1  Primers used for ISSR analysis of Chiloscyllium plagiosum and their polymorphism 
???? ???? ????/℃ ????? ????? PPB/% 
issr9 (CT)7TAG 52 7 5 71.4 
issr12 (CT)8GA 54 4 3 75.0 
issr13 (CT)8A 54 6 2 33.3 
issr21 AGGTC(CAG)4 56 6 6 100 
issr24 (GA)8YT 52 9 9 100 
issr25 (AG)8YA 52 8 7 87.5 
issr27 (AG)8C 54 6 5 83.3 
issr29 (AC)7CG 50 5 2 40.0 
issr31 (GT)7CA 52 6 5 83.3 
issr35 (AC)7GGG 54 5 2 40.0 
issr39 (GT)7TG 52 6 3 50.0 
issr46 (GT)7CG 50 7 5 71.4 
issr51 (AC)7AT 52 6 3 50.0 
  ?? 81 57 70.37 
 
表 2  条纹斑竹鲨群体遗传多样性参数 
Tab. 2  Genetic diversity indices of Chiloscyllium plagiosum populations 
?? ??? PPB/% Na Ne H I 
HK 34 58.02 1.5802 1.3717 0.2155 0.3193 
PT 33 38.27 1.3827 1.2413 0.1411 0.2096 
ZJ 36 58.02 1.5802 1.3402 0.2030 0.3049 
XM 28 44.44 1.4444 1.2969 0.1716 0.2529 
TW 32 38.27 1.3827 1.2269 0.1353 0.2032 
 
表 3  5 个条纹斑竹鲨群体分子方差分析 
Tab. 3  AMOVA analysis among five populations of Chiloscyllium plagiosum 
???? ??? ??? ???? ???? 
??? 4 112.629 0.72534 13.38 
??? 157 737.192 4.69549 86.62 
?? 161 849.821 5.42083  
 
?????????? 0.0097?0.0767, ??
ZJ ??? TW ?????????, ? 0.0767, PT
??? XM ?????????, ? 0.0097(? 4)?
?? UPGMA????????: PT??? XM?
?????, ?? TW ????, ??? ZJ ???
HK?????????(? 3)? 
 
表 4  条纹斑竹鲨 5 个群体间遗传相似系数(对角线上)和 Nei’s 遗传距离(对角线下) 
Tab. 4  Genetic identity (above diagonal) and Nei’s genetic distances (below diagonal) among five populations of Chilo-
scyllium plagiosum 
?? HK PT ZJ XM TW 
HK ? 0.9448 0.9886 0.9517 0.9334 
PT 0.0567 ? 0.9390 0.9903 0.9791 
ZJ 0.0114 0.0629 ? 0.9532 0.9262 
XM 0.0495 0.0097 0.0479 ? 0.9852 
TW 0.0690 0.0211 0.0767 0.0149 ? 
 
 34 ????  / 2018?  / ? 42?  / ? 3? 
 
? 3  ????? 5???? UPGMA??? 
Fig. 3  UPGMA dendrogram among five populations of Chi-
loscyllium plagiosum 
 
3  讨论 
PPB ? H ????????????????
???? 2 ???????????????(P= 
38.27%~58.02%, h=0.1353~0.2155)?鳡 (Elopichthys 
bambusa)(P=18.18%~27.27%, h=0.0245~0.0763)[17]?
????(Trachidermus fasciatus)(P=49.17%~74.03%, 
h=0.1530~0.2777)[18]?????(Cyprinus carpio var. 
color)(P=51.5%~67.8%, h=0.2176~0.2745)[19]???
(Coilia nasus)(P =70.04%~76.76%, h=0.1885~0.2285)[13]
?????????????, ????????
???????????, ??????????
??????????????????????
??????????????? , ??? [3]??
RAPD????????????????????
3???????????????????, ??
RAPD ??, ?????? ISSR ????????
?????[7], ??????????????, ?
????????????????? 
??????????????, ?????
???????????????, ??????
??????????????????Weydder
?[20]????????????? b ??????
?????????(Carcharhinus limbatus)???
??(Carcharhinus porosus)????????(Rhizo-
prionodon porosus)??????(Sphyrna tudes)??
???, ????????????? 4 ????
?????????; Silvana ?[21]???????
???(Mustelus schmitti)???????????
??????????????????????
??????? 
????????????????, ???
????????????????? [22], ???
???????????, ??????????
??????????????????????
?? 5 ????????? 5 ?????????
????[5]??????[4]??????? 3???
?????????? b????????????
??, ???????????????????
(Oratosqilla oratoria)????????, ????
??????????????????????
? [23], ???????????????????
????? (Pomadasys maculatus), ??????
????[24]?????????? 5 ??????
??????, PT?XM? TW?????????
?????????, HK? ZJ?????????
?????????, ??, XM? HK??, XM?
ZJ??? S??? PT? HK??, PT? ZJ??, ?
XM ????????? PT ????? HK ? ZJ
?????, ?????????????????
?????, ????????????????
??????? 
??????????????????? , 
Chrysoula ? [25]????????? (Etmopterus 
spinax)????, ??????????????
??????????, ?? Duncan?[26]????
??????????????, ???????
?????; ????????????????
???????, ??????????????
?????????? PT?XM ? TW ???? S
????, ?????????????????
???????????, ??????????
????????????????? ; ???
PT?XM ? TW ??? UPGMA ?????? TW
????????, ?????????????
??????????????? 
?????? , ?????? , ??????
??????? 3???????: ???????
???????????; ??????????
????????????????????? , 
??????????, ???????????
?????????????[27-29]???????
???????????????, ??????
??????????????????????
??????????????????????
???????????? 
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Abstract: Inter-simple sequence repeat (ISSR) is a molecular marker of microsatellite. In this study, the genetic 
diversity and the genetic relationship of five native populations of the whitespotted bamboo shark Chiloscyllium 
plagiosum sampled from Xiamen (XM) and Pingtan (PT) in Fujian, Zhanjiang (ZJ) in Guangdong, Haikou (HK) in 
Hainan, and Taiwan (TW) were analyzed using the ISSR technique. A total of 13 polymorphic primers were selected 
from 56 ISSR primers. Using PCR amplification, 81 loci with great reproducibility, including 57 polymorphic loci, 
were acquired, indicating 70.37% of polymorphic loci. The percentage of polymorphic loci, the Shannon diversity 
indices, and the Nei’s gene diversity values of the five populations were 38.27%–58.02%, 0.1353–0.2155, and 0.2032– 
0.3193, respectively. The UPGMA tree constructed using the MEGA5.0 software showed that PT and XM populations 
clustered together initially and then clustered with TW population and finally joined to the branch clustered by ZJ and 
HK populations, which resulted in the gene exchange pattern correlating to the geographical distance. 
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